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Collectivity in A+A Collisions

Hydro has become the
standard picture

Single model describes data

from RHIC and LHC
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Hydrodynamic Evolution

Inifial state

Pre-equilibrium Equilibrated _
energy : Hadron gas
distibution dynamics (QGP) flow




Collectivity in Small Systems

< CMSpPb \[s, =5.02 TeV, N'™ = 10

1<p <3 GeV/c

Recent Studies at both RHIC and LHC
hint at collective behavior in systems
once thought too small

Phys. Let. B 718 (2013) 795-81
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Collectivity in Small Systems

CMS pPb \[5,,, = 5.02 TeV, N['"™ = 110
1<p <3GeVic

3

Recent Studies at both RHIC and LHC
hint at collective behavior in systems
once thought too small

Phys. Let. B 718 (2013) 795-814

(c)®p : 2.0-4.0 GeV/c

TArack”

New channels open to test the Hydro
picture
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Hydrodynamic Evolution

Inifial state

Pre-equilibrium
distribution dynamics

Equilibrated

enerdy (QGP) flow

Can small systems help us understand how initial geometry and
energy deposition franslate to final state particle distributione



Hydrodynamic Evolution

Equilibrated
(QGP) flow

Initial state Pre-equilibrium
eneroy _Hodron gas
distribution

Change
Geometry

Can small systems help us understand how initial geometry and
energy deposition franslate to final state particle distributione



Hydrodynamic Evolution

Initial state . -
Pre-equilibrium Equilibrated _
energy dynamics (QGP) flow Hadron gas
distribution

Change Change
Geometry Energy

Can small systems help us understand how initial geometry and
energy deposition franslate to final state particle distributione



Small Systems Experiments

Change Change
Geomertry Energy



Small Systems Experiments

Change
Geomertry

# Control initial geometry of
projectile

# Measure system response via
final state anisotropies



Small Systems Experiments

Change
Geometry

- Control initial geometry of
projectile

‘ Measure system response via
final state anisotropies

Model
Collision geo ww) |nitial anisotropy

11



Initial Conditions

MC Glauber

 Fluctuations in nucleon
coordinates

« Smear energy deposition
by Gaussian

» Use all participants

Fluctuations in nucleon
coordinates

Fluctuations in color charge

within nucleons

Look at region where
nucleons overlap
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Geometry Engineering at RHIC
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Geometry Engineering at RHIC

— Quantify initial
~3He+Au (2014) - anisotropy (MC)
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Geometry Engineering at RHIC
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PHENIX Long Range Correlations
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PHENIX Long Range Correlations

C(ao,p.)
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Estimating Non-Flow

Co(py) = CgNon-Elementary ea C2Elementary

/ \

Flow Dijet fragmentation/resonance decays
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Estimating Non-Flow

Co(py) = C2Non-Elementary + CZEIementary

Charge at Forward nin p+p

Co (D) = CzNonmElementary + Cgp+px

Charge at Forward nin p+Au
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Elliptic Flow — Event Plane Method

PHENIX Data
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Elliptic Flow — Event Plane Method

PHENIX Data

AN —
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Elliptic Flow — Event Plane Method

PHENIX Data
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Sonic: Viscous Hydro Model
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SONIC: Romatschke, Eur. Phys. J. C75(7):305, 2015
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Hydro with I[P Glasma Initial Conditions

d+Au and 3He+Au are overpredicted
p+Au is underpredicted

>0 227 = PHENIXHearau —— IPGlasma +Hydro He+Au ¢
. - = PHENIX d+Au —— IPGlasma + Hydro d+Au %
0.2 = PHENIX p+Au —— |PGlasma + Hydro p+Au §
018 Iy/s=0.12 ) g
0.141 TR e H’ §
0.12 mlLiEk; 2
: B @
0.1 — L g
0.08— — ’%‘:
0.06 %
- i
0.04 - 2
0.02- PH ENIX
TE preliminary
1 | | I | | | | I | | I T T T T Y T A
0 0.5 1 1.5 2 2.5 3 3.5
P, [GeV/c]

24



Hydro with I[P Glasma Initial Conditions

Changing n/s makes all curves

move In the same direction
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AMPT: Partonic Scattering Model

AMPT: Orjuela-Koop, Adare, McGlinchey, Nagle, Phys. Rev. C 92, 054903 (2015)
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Elliptic Flow Mass Ordering

Phys. Rev. Lett. 114, 192301 PHENIX Data
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As in A+A collisions, elliptic flow mass
ordering is a feature of small systems
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Triangular Flow 3He+AuU
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v, In d+Au 200GeV from STAR
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Small Systems Experiments

Change
Geomertry

- Geometry drives flow in small
systems

# Anisotropy measurements in
good agreement with hydro

models



Small Systems Experiments

Change
Energy

=) Lower beam energy

Look for response in v,
measurements
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Going Down in Energy

2+1D QGP Volume in Central d+Au
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Going Down in Energy

2+1D QGP Volume in Central d+Au
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Going Down in Energy
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Run 16 d+Au Beam Energy Scan

o Orjuela-Koop, Belmont, Yin, Nagle: Phys. Rev. C 93, 044910 (2016)
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Run 16 d+Au Beam Energy Scan
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Orjuela-Koop, Belmont, Yin, Nagle: Phys. Rev. C 93, 044910 (2016)
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Run 16 d+Au Beam Energy Scan
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Run 16 d+Au Beam Energy Scan
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Small Systems Experiments Summary

Change Change
Geomertry Energy

- Geometry drives flow in small

systems m) Models predict significant v, for

all energies in beam energy
scan

# Anisotropy measurements in
good agreement with hydro

models

‘ Measurements coming soon!
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